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This review focuses on how behavioral profile is shaped by early adversity in individuals with 
varying serotonin transporter (5-HTT) genotype. In a recent study on 5-HTT knockout mice 
Heiming et al. (2009) simulated a ‘dangerous environment‘ by confronting pregnant and lactating 
females with odor cues of unfamiliar males, indicating the risk of infant killing. Growing up in a 
dangerous environment induced increased anxiety-related behavior and decreased exploratory 
locomotion in the offspring, the effects being most pronounced in mice lacking 5-HTT expression. 
We argue that these alterations in behavioral profile represent adaptive maternal effects that 
help the individuals to cope with adversity. In principle, such effects of adversity on behavioral 
profile should not automatically be regarded as pathological. Rather and in accordance with 
modern evolutionary theory they may represent adaptations, although individuals with 5-HTT 
genotype induced susceptibility to adversity may be at risk of developing pathologies.
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IntroductIon
Individuals may vary considerably in their behav-
ioral profiles. To understand such variation is of 
major importance because it is frequently related 
to  differences  in  quality  of  life  (e.g.,  Broom, 
2001), susceptibility to disease (e.g., Henry and 
Stephens, 1977; Von Holst, 1998; Korte et al., 
2005),  and  finally  reproductive  success  (e.g., 
Alcock, 2005). Thus, the analysis of variation 
in behavioral profile is a focus not only in bio-
psychological and biomedical research, but also 
in fields studying the adaptive significance and 
evolution of behavior.
Individual differences in behavioral profile are 
shaped by both, genetic and environmental fac-
tors (e.g., Gross and Hen, 2004). Concerning the 
role of the genotype a growing body of evidence 
identifies for example the genetically encoded var-
iation of the serotonin transporter (5-HTT) as a 
key element in the regulation of social behaviors 
(e.g., Canli and Lesch, 2007; Lewejohann et al., 
2010), cognitive abilities (e.g., Borg et al., 2009; 
Olivier et al., 2009), emotional traits (e.g., Lesch 
et al., 1996; Holmes et al., 2003a; Schinka et al., 
2004), and stress responses (e.g., Tjurmina et al., 
2002; Gotlib et al., 2008). The 5-HTT regulates the 
availability of the neurotransmitter serotonin in 
the brain and its gene appears in two length vari-
ants in humans (5-HTT polymorphism). Carriers 
of at least one short 5-HTT gene variant display 
higher levels of neuroticism and harm-avoidance 
(Lesch et al., 1996) as well as a higher trait anxiety 
(Schinka et al., 2004) than homozygous carriers 
of the long variant. An ortholog of the human 
5-HTT polymorphism is present in rhesus mon-
keys (Lesch et al., 1997), and consistent with the 
findings in humans, macaques carrying the short 
allele are more anxious than homozygous carri-
ers of the long allele (Barr et al., 2003; Spinelli 
et al., 2007).Heiming and Sachser  Early adversity and behavioral profile
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Concerning the role of the environment the 
organism seems to be most susceptible to external 
influences during early development, that is, the 
prenatal and early postnatal phase, when brain 
circuits are highly plastic (Champagne and Curley, 
2005;  Kaiser  and  Sachser,  2005). Accordingly, 
stressors that impinge on the maternal organism 
during pregnancy evoke high levels of anxiety 
in the offspring later in life (Vallée et al., 1997; 
Maccari et al., 2003), as does an adverse postnatal 
environment (Meaney, 2001; Pryce and Feldon, 
2003). Studies in monkeys and humans clearly 
show that severe early environmental adversity 
can have profoundly negative consequences for 
later development and health, eventually result-
ing in pathology, i.e., forms of illness or disease 
(for a current view see special topic: Young and 
Murphy, 2009). For example, when infant rhesus 
monkeys are reared in complete social isolation 
for periods of 3–12 months, they display learning 
impairments, heightened fear-related behaviors, 
and deficits in virtually every aspect of social 
behavior. Total social isolation for at least the 
first 6 months of life enormously damages or 
destroys subsequent social and sexual behavioral 
capabilities of these monkeys, leading to detach-
ment from the environment, hostility directed 
outwardly toward others and inwardly toward 
the animal’s own body, and inability to form 
adequate social or heterosexual attachments to 
others (Harlow et al., 1965; Harlow and Suomi, 
1971). Humans who experienced stressful events 
in early life, e.g., childhood maltreatment or sex-
ual abuse, suffer an increased risk of becoming 
depressed or suicidal in later life (Brown et al., 
1999; Heim and Nemeroff, 2001). Confrontation 
with severe early caregiver deprivation, e.g., in 
institutionalized children, leads to persisting dis-
inhibited attachment disturbances in later life, 
often with co-occurring problems of inattention, 
developmental delay, as well as emotional, cogni-
tive, and language problems (O’Connor, 2005). 
In such extreme cases discussion about adaptive 
function seems inappropriate, since the effects 
are clearly diagnosable as pathological (Sachser 
et al., 2010).
Nonetheless, recent experimental animal stud-
ies on the effects of moderate levels of adversity 
on behavioral development suggest an alternative 
perspective: that variation in behavioral pheno-
type brought about by stressors can represent an 
adaptation to the prevailing and/or future envi-
ronmental situation. From this point of view, 
deviations from the behavioral and physiological 
standard should not necessarily be regarded as 
pathological, but could also be seen as represent-
ing adaptations to the offspring’s likely environ-
ment (Kaiser and Sachser, 2005, 2009; Sachser 
et al., 2010).
Here we focus on how behavioral profile is 
shaped  by  early  adversity  in  individuals  with 
varying 5-HTT genotype. We argue that, although 
individuals with genetically induced susceptibility 
to adversity may be at risk of developing pathol-
ogies, the environmental shaping of behavioral 
profile by adversity is in principle adaptive.
LIvIng In a dangerous worLd – a case 
study
In a recent study (Heiming et al., 2009) we sought 
to simulate a ‘dangerous environment’ in early 
life in order to study the effects of early adversity 
on the behavioral profile of wildtype and 5-HTT 
knockout mice.
Consistent  with  the  findings  in  humans, 
5-HTT  knockout  mice,  which  exhibit  either 
reduced (+/−) or completely absent (−/−) 5-HTT 
expression (Bengel et al., 1998), demonstrate a 
range of behavioral and endocrine abnormali-
ties that resemble symptoms of mood and anxi-
ety disorders in humans (Holmes et al., 2003a,b; 
Lesch, 2005; Zhao et al., 2006; Kalueff et al., 2010; 
Lewejohann et al., 2010). Given the advantageous 
ability to control genetic background and envi-
ronmental circumstances in rodent studies, the 
5-HTT  knockout  mouse  provides  a  valuable 
model system to study how genetic factors interact 
with environmental adversity in the development 
of behavioral profile (Holmes et al., 2003b).
During pregnancy and lactation heterozygous 
(+/−)  5-HTT  knockout  dams  were  repeatedly 
exposed  to  olfactory  cues  of  unfamiliar  adult 
males  by  introducing  male-soiled  bedding  to 
one corner of their home cage (unfamiliar male 
bedding, UMB). Control females were instead 
treated  with  neutral  bedding  (NB;  Figure  1). 
Unfamiliar male odor cues indicate the presence 
of potentially infanticidal males and the resulting 
risk of infant killing (vom Saal and Howard, 1982; 
Elwood and Kennedy, 1991; Perrigo et al., 1993; 
Weber and Olsson, 2008). These olfactory cues 
provide information about the males’ physiologi-
cal state and infanticidal potential (Mandillo and 
D’Amato, 1997) and may even lead to pregnancy 
disruption in the dams shortly after fertilization 
(deCatanzaro et al., 1996, 2006), a phenomenon 
known as “Bruce effect” (Bruce, 1959, 1960). By 
applying  these  species-specific  adverse  stimuli 
we sought to create a paradigm with high rel-
evance, particularly from an ecological point of 
view. UMB females spent more time in the quarter 
of the home cage where the bedding was intro-
duced than NB females, and unlike NB controls, 
UMB dams did not habituate from the first to the 
Behavioral profile
An individual’s behavioral profile is the 
whole array of his/her characteristics 
related to behavioral traits, including 
social behaviors, cognitive abilities, 
emotions, as well as stress responses.
Serotonin transporter (5-HTT)
The 5-HTT is one key regulator of 
serotonergic neurotransmission, 
transporting serotonin (5-HT) from the 
synaptic cleft back into the presynaptic 
neuron and thereby terminating the 
serotonergic signal transmission. 5-HT 
system homeostasis is critical to the 
genesis, differentiation, and maturation 
of neuronal cells during early brain 
development.
5-HTT polymorphism
The human 5-HTT gene contains a 
repeat length polymorphism in the 
upstream regulatory region: the short 
variant (s) is associated with a lower 
transcriptional efficiency as compared 
to the long gene variant (l), resulting in 
a reduced amount of 5-HTT proteins. 
Individuals with s/s or s/l genotype were 
found to have greater anxiety-related 
personality characteristics (Lesch et al., 
1996).
5-HTT knockout mice
In these mice the 5-HTT gene has been 
inactivated by an insertion of a 
non-sense sequence. Individuals 
carrying two alleles of the modified 
gene (5-HTT −/−) have no 5-HTT 
expression at all, whereas animals 
carrying one intact and one inactivated 
5-HTT allele (5-HTT +/−) show a 
5-HTT expression that is reduced by 
approximately 50% as compared to the 
wildtype (5-HTT +/+) (Bengel et al., 
1998).Heiming and Sachser  Early adversity and behavioral profile
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+/−, and −/−) revealed a significant effect of the 
treatment, i.e., compared to NB offspring, UMB 
offspring showed increased levels of anxiety-re-
lated behavior and reduced exploratory locomo-
tion in the Open Field and Dark Light test. Thus, 
growing up in a threatening environment led to an 
altered behavioral profile in later life of the mice. 
There was also a main effect of genotype with 
5-HTT −/− mice showing higher levels of anxiety-
related behavior and lower levels of exploration 
than 5-HTT +/− and 5-HTT +/+ mice. Finally, a 
measure of anxiety-related behavior, the latency 
to enter the light compartment of the Dark light 
box, was longest in 5-HTT −/− UMB mice. Thus, 
behavioral differences between offspring varying 
in genotype were intensified when their mothers 
were living in a dangerous world. In summary, 
applying this newly developed paradigm had a 
fifth treatment. Thus, UMB females responded 
strongly and persistently to the male odor cues, 
suggesting that indeed a threatening environment 
was created; although confirmation from stress 
hormone analysis is not yet at hand.
The offspring were tested in a range of behav-
ioral tests, namely the Elevated Plus Maze test, the 
Open Field test, and the Dark Light test, in order 
to assess their anxiety-related and exploratory 
behavior (see Figure 1). These tests are based on 
the spontaneous exploratory activity of the mice 
and on their innate aversion to brightly lit, open, 
and exposed areas. High levels of exploration in 
these aversive areas, as opposed to the dark and 
enclosed areas, are thus interpreted as showing 
low levels of anxiety-related behavior (e.g., Lister, 
1990; Holmes, 2001; Crawley, 2007). Behavioral 
testing of NB and UMB offspring (5-HTT +/+, 
neutral bedding
Treatment with
during pregnancy and lactation
unfamiliar male bedding
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Figure 1 | Simulation of a ’dangerous environment’ and subsequent behavioral testing of the offspring. 
Heterozygous 5-HTT knockout females were mated with 5-HTT +/− males. During pregnancy and lactation dams were 
repeatedly exposed to olfactory cues of unfamiliar adult males by introducing small amounts of male-soiled bedding to 
their home cage (‘dangerous environment’). The odor cues of strange males signal the threat of infant killing and thus 
create a ‘dangerous environment‘ for the mother and her pups. Offspring varying in genotype (5-HTT +/+, +/−, and −/−) 
were tested for their anxiety-related and exploratory behavior in the Elevated Plus Maze test, Dark Light test, and Open 
Field test in adulthood.Heiming and Sachser  Early adversity and behavioral profile
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of disease in mice UMB and NB offspring could 
be for example confronted with a dangerous and 
challenging environment in later life by keeping 
them  in  semi-naturalistic  outdoor  pens  (e.g., 
Lewejohann et al., 2004) or in a large semi-natu-
ralistic indoor enclosure (e.g., Lewejohann et al., 
2009) populated by several adult males. Vice versa 
it could be tested whether UMB and NB mice 
differ concerning their reproductive success in a 
safe and non-challenging environment. Thus, the 
congruence of information transmitted by early 
adversity with the actual environmental condi-
tions the offspring experiences later in life could 
be systematically varied.
Indications for adaptive shaping of offspring 
behavioral  profile  by  early  adversity  are  also 
assumed  in  other  species.  In  guinea  pigs,  for 
instance,  daughters  and  sons  whose  mothers 
have lived in a stable social world during preg-
nancy and lactation show sex-specific differences 
regarding behavior, endocrine systems, and brain 
development compared to those whose mothers 
have lived in an unstable social environment dur-
ing this phase of life (for a summary see Kaiser 
and Sachser, 2005). While daughters of mothers 
living in an unstable social environment show 
higher amounts of male-typical courtship and 
play behavior later in life (behavioral masculiniza-
tion), sons of mothers living in an unstable social 
environment display behavioral patterns that are 
usually shown only by very young guinea pigs 
(behavioral infantilization). Kaiser and Sachser 
(2009) argue that these are no signs of pathology, 
but that masculinized daughters and infantilized 
sons might be better adjusted to high-density 
populations that are characterized by social insta-
bility, while the opposite behavioral profiles may 
be beneficial when individual numbers are low 
and the social situation is stable. For example, 
being more robust and/or competitive, masculi-
nized daughters may be able to defend important 
resources more efficiently, such as food and shel-
ter, which are scarce in high-density situations. In 
contrast, under low density conditions sufficient 
resources are available and it is more beneficial 
to invest time and energy into reproductive effort 
rather than to build and maintain a male-typical 
phenotype to defend resources (for details see 
Kaiser and Sachser, 2005, 2009).
Another example that adversity in early life is 
not necessarily linked to a detrimental outcome 
in later life is a study in rats comparing offspring 
of  high  and  low  maternal  care  dams,  show-
ing either high or low levels of pup licking and 
grooming (Champagne et al., 2008). Although 
offspring  of  low  maternal  care  dams  (adverse 
postnatal  environment)  generally  show  lower 
profound  effect  on  the  offspring’s  behavioral 
profile, probably owing to the strong ecological 
relevance of the treatment.
PossIbLe benefIts of aLtered 
behavIoraL ProfILes
The effects of adversity during early phases of 
life  are  predominantly  studied  by  researchers 
with a psychological or biomedical background, 
mainly working with animal models of disease. 
Notably, they often regard the characteristic traits 
of individuals exposed to environmental stressors 
during pregnancy and lactation (e.g., heightened 
levels of anxiety, masculinized behavior in daugh-
ters, less pronounced expression of male-typical 
traits in sons, increased stress responsiveness) as 
deviations from the norm or even as pathological; 
i.e., forms of illness or disease. Alternatively, and 
in accordance with current evolutionary theory, 
scientists with an evolutionary background regard 
these  traits  as  adaptive  maternal effects  (e.g., 
Mousseau and Fox, 1998; Birkhead et al., 2000; 
Qvarnström and Price, 2001; Dufty et al., 2002; 
Kaiser and Sachser, 2005, 2009; Sachser et al., 
2010),  meaning  that  mothers  maximize  their 
own Darwinian fitness by efficiently adjusting 
their offspring to current or future environmen-
tal conditions.
Heiming et al. (2009) argue that the anxio-
genic effects of a threatening environment during 
early life might represent such adaptive maternal 
effects. The confrontation with bedding material 
from several male mice of different strains, alter-
nating every treatment, simulates an environment 
populated by a high number of potentially infan-
ticidal males, and thus a threatening environment 
for a female mouse and her young. When living 
in a dangerous habitat, it is highly adaptive for a 
mouse to behave careful and unobtrusively. Thus, 
it would be advantageous for mothers in such an 
environment to program their offspring to exhibit 
higher  anxiety-related  and  lower  exploratory 
behavior. Therefore, the behavioral alterations 
measured in UMB offspring could indeed repre-
sent adaptive effects. However, experiments are 
needed to decide unequivocally whether offspring 
from adverse conditions during early phases of life 
cope better with adversity and attain higher repro-
ductive success under conditions of adversity than 
offspring that have lived in a safe, non-challenging 
world, and vice versa (Sachser et al., 2010). Adult 
emotional  disorders  in  humans  might  not  be 
promoted by early life adversity per se, but by a 
mismatch of the programmed and the later actual 
environment in combination with a more vulner-
able or resilient genetic predisposition (Schmidt, 
2010). In order to test this mismatch hypothesis 
Maternal effects
Maternal effects are a key concept in 
modern evolutionary theory, meaning 
that the environment experienced by 
the mother is translated into 
phenotypic variation in the offspring 
(e.g., by maternal hormones/maternal 
care). Thereby, mothers try to maximize 
their own Darwinian fitness by 
adjusting their offspring efficiently to 
the current environmental conditions 
(Mousseau and Fox, 1998).Heiming and Sachser  Early adversity and behavioral profile
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  anxiety-related behavior in offspring of all geno-
types. This effect has also been shown in other 
studies in mice (Calatayud et al., 2004; Carola 
et al., 2006) and in rats (Caldji et al., 1998), where 
low levels of licking and grooming and arched-
back nursing led to increased behavioral fearful-
ness in the offspring. Several authors argue that the 
potentiated behavioral reactions (e.g., increased 
fearfulness; Calatayud et al., 2004; Carola et al., 
2006) and higher endocrine responsivity to stress 
(e.g.,  exaggerated  hypothalamic-pituitary-ad-
renal [HPA] axis reaction after 20 min restraint 
stress; Plotsky and Meaney, 1993; Liu et al., 1997; 
Anisman et al., 1998; Meaney, 2001) in rodents 
due  to  poor  maternal  care  might  be  advanta-
geous  under  conditions  of  increased  environ-
mental demand (e.g., high predator density or 
scarce resources), since these responses promote 
detection of potential threat, avoidance learning, 
and metabolic responses that are essential under 
the increased demands of adversity (e.g., Meaney, 
2001). In accordance with the findings of Heiming 
et al. (2009), Carola et al. (2008) found that mice 
with altered 5-HTT expression were particularly 
susceptible to the effects of early adversity, since 
heterozygous 5-HTT knockout mice showed a 
more  pronounced  increase  of  anxiety-related 
behavior after the experience of low maternal care 
than wildtype mice.
Like  in  rodents,  the  behavioral  profile  of 
Rhesus monkeys can be shaped by early adver-
sity, which is often created by depriving juve-
cognitive performance under basal (non-stress) 
conditions when compared to offspring of high 
maternal care dams (Bredy et al., 2003), a dif-
ferent outcome is observed when these rats are 
tested under stressful conditions, i.e., a situation 
reminiscent of their early postnatal environment. 
Within a stressful context (e.g., fear conditioning 
task), adult offspring which received low maternal 
care during early phases of life perform better 
in a cognitive task than adult offspring of high 
maternal  care  dams  (Champagne  et al.,  2008; 
Oitzl et al., 2010).
It is noteworthy that similar arguments for the 
adaptive value of early adversity in humans have 
been proposed. For example, Bateson et al. (2004) 
hypothesize that a period of starvation during 
pregnancy informs the developing fetus that food 
is probably going to be scarce in the future. Infants 
of such mothers often exhibit low body weight 
and correspondingly modified metabolism. These 
traits are not necessarily pathological, in as much 
as they help the infant to cope with environments 
of low food availability.
comParatIve studIes
There  are  further  studies  in  humans,  rhesus 
monkeys and mice which investigated how early 
adversity shapes behavioral profile in individuals 
with different 5-HTT genotypes (Table 1). Carola 
et al. (2008) subjected 5-HTT +/− and wildtype 
mice to poor maternal care, i.e., reduced levels 
of licking and grooming, and found increased 
Table 1 | Selected studies focusing on the shaping of behavioral profile by early adversity and 5-HTT genotype.
Species 5-HTT genotypes 
investigated
early adversity Consequences on behavioral 
profile
5-HTT genotypes 
most affected
references
Mouse +/+, +/− Low maternal care Increased anxiety-related behavior +/− Carola et al. (2008)
+/+, +/−, −/− Simulation of 
‘dangerous 
environment’ during 
pregnancy and lactation
Increased anxiety-related behavior 
and reduced exploratory 
locomotion
−/− Heiming et al. 
(2009)
Rhesus 
monkey
l/l, l/s Rearing in peer-only 
groups
Higher ACTH-levels during 
separation (l/l not affected)
l/s Barr et al. (2004)
l/l, l/s Rearing in peer-only 
groups
Upon acute separation: higher 
levels of vocalizations, self-
directed behavior, stereotypy, 
signs of agitation and anxiety
l/s Spinelli et al. 
(2007)
l/l, l/s Rearing by abusive 
mothers
Increased HPA stress reactivity l/s McCormack et al. 
(2009)
Human l/l, s/l, s/s Childhood maltreatment Increased 
risk of depression (l/l not affected)
l/s, s/s Caspi et al. (2003)
l/l, l/s, s/s Childhood maltreatment increased risk of depression s/s Kaufman et al. 
(2004)
l/l, l/s, s/s Childhood maltreatment Increased anxiety sensitivity 
(l/l and l/s not affected)
s/s Stein et al. (2008)
5-HTT +/+, +/−, or −/−, wildtype, heterozygous or homozygous 5-HTT knockout; 5-HTT l or s, long or short allele of the 5-HTT gene.Heiming and Sachser  Early adversity and behavioral profile
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heightened trait anxiety, it remains to be studied 
whether these changes could represent adaptive 
effects, as discussed in rodents.
Taken together, these studies show that early 
adversity shapes behavioral profile, often resulting 
in increased anxiety-related traits. Such altera-
tions are not necessarily pathologies; rather they 
may represent adaptations that help the individual 
to cope with adversity, e.g., by promoting detec-
tion of potential threat or avoidance learning. 
However, an increased susceptibility for adverse 
environmental influences, for instance caused by 
reduced levels of 5-HTT expression, may lead to 
the risk of developing pathologies in some indi-
viduals when confronted with early adversity.
from adaPtatIon to PathoLogy
How can early adversity effects change from adap-
tation into pathology? The principle mechanisms 
mediating adaptation through maternal effects 
seem to be clear (Figure 2). During the prenatal 
phase adverse environmental stimuli act on the 
pregnant female, causing hormonal changes in 
the maternal organism, which in turn influence 
the embryonic/fetal endocrine state. Hereby, fetal 
brain development is affected with major con-
sequence for behavioral profile later in life. For 
niles of maternal care: Newborn animals are 
separated from their mother, hand-reared for 
the first month and then reared together with 
same age peers (peer-only reared), a procedure 
which results in decreased exploration and more 
extreme behavioral and adrenocortical responses 
to social separation at 6 months of age (Suomi, 
1997,  2006).  Consistent  with  the  findings  in 
rodents, rhesus monkeys carrying one copy of 
the low functioning ortholog of the 5-HTT gene 
(l/s) seem to be more susceptible to the behav-
ioral consequences caused by peer-only rearing, 
and thus early adversity, than animals carry-
ing two long 5-HTT gene alleles (l/l; Spinelli 
et al., 2007). For example, peer-only reared l/s 
monkeys had higher ACTH levels during acute 
separation from peers (Barr et al., 2004) and 
showed for example higher levels of vocaliza-
tions, self-directed behavior, stereotypy, as well 
as signs of agitation and anxiety than peer-only 
reared l/l animals (Spinelli et al., 2007). Similarly, 
l/s  monkeys  reared  by  abusive  mothers  were 
found to exhibit increased HPA stress reactivity 
(McCormack et al., 2009). Whether or not these 
changes represent adaptations – as discussed in 
rodents – or rather manifestations of pathology 
still remains to be studied.
Humans,  who  experienced  early  adversity, 
e.g., severe caregiving deprivation, show distur-
bances in emotional and behavioral development 
(O’Connor, 2005). In line with the findings in 
rodents and monkeys, human carriers of the short 
5-HTT gene variant seem to be particularly prone 
to the effects of adverse early life experience. In a 
groundbreaking study Caspi et al. (2003) found 
that, whereas carriers of two long variants were 
not affected, carriers of the short 5-HTT gene 
variant  experiencing  childhood  maltreatment 
suffered an increased risk of depression. In a study 
by Kaufman et al. (2004) maltreated children were 
shown to have elevated depression scores, as com-
pared to control children. Notably, children carry-
ing two short 5-HTT alleles were most vulnerable 
to the consequences of early neglect and abuse, 
having depression scores that were almost twice 
as high as in maltreated children with the other 
genotypes. Consistently, emotional (or physical) 
childhood maltreatment led to higher anxiety sen-
sitivity in s/s individuals, than in other genotypes, 
a characteristic predisposing to the development 
of anxiety disorders and depression (Stein et al., 
2008). It should be noted, however, that these 
results from human studies could not always be 
replicated (see Risch et al., 2009). In cases where 
profound early adversity causes severe, detrimen-
tal effects in humans, these changes are pathologi-
cal. However, in cases of moderate effects, e.g., 
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Figure 2 | The shaping of behavioral profile by early 
adversity. Through influencing maternal hormones and 
maternal behavior early adversity shapes offspring 
behavioral profile. This process is modulated for instance 
by the 5-HTT genotype and in principle adjusts the 
offspring to environmental conditions of adversity 
(adaptation). An impaired 5-HTT expression, however, 
increases the risk of emotional disorders (pathology). 
Notably, a direct influence of early adversity on the 
offspring, as well as the possible role of father, siblings, 
or the whole social group is not considered in this 
schema. Changed after Sachser et al. (2010).Heiming and Sachser  Early adversity and behavioral profile
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a significant deficit in fear extinction recall, 
that  is,  the  long-term  extinction  of  condi-
tioned fear proceeds in a significantly slower 
way than in wildtypes (Wellman et al., 2007). 
Consistently, Jansen et al. (2010) showed that, 
whereas 5-HTT −/−, +/− and wildtype mice 
did not differ in anxiety-related behavior after 
winning a social contest, social defeat led to 
significantly  higher  anxiety-related  behavior 
in 5-HTT −/− animals, suggesting that they 
did not extinguish the negative experience as 
good as the wildtypes.
•	 Thirdly,	there	are	indications	that	low	fun-
ctioning  5-HTT  variants  are  associated 
with  a  lower  ability  to  actively  cope  with 
an  adverse  situation.  For  example,  when 
groups of five male mice (all either 5-HTT 
−/−, +/−, or wildtype) were housed in spa-
cious terraria connected to an emigration 
cage, 5-HTT −/− males had to be taken out 
because of injury more frequently than the 
other genotypes, although they had the same 
possibility to emigrate as 5-HTT +/− and 
+/+ males (Lewejohann et al., 2010). The 
authors argue that 5-HTT−/− mice mani-
fest  a  lack  of  behavioral  flexibility  when 
confronted with unfavorable conditions and 
thus endure adverse situations rather pas-
sively. Consistently, 5-HTT −/− mice have 
been observed to show markedly increased 
immobility in the forced swim test (Holmes 
et  al.,  2002;  Lira  et  al.,  2003)  and  longer 
latencies to escape foot shock (Lira et al., 
2003). Due to their lower ability to actively 
cope  with  adverse  situations,  for  example 
by bringing them to an end through esca-
ping, individuals carrying low functioning 
5-HTT variants could be confronted with 
adverse situations longer than others, which 
ultimately  facilitates  the  pathogenesis  of 
emotional disorders.
concLudIng remarks
In  summary,  when  discussing  early  adversity-
induced  alterations  in  behavioral  profile,  the 
outcomes should not automatically be regarded 
as pathological, but should also be viewed from 
an  evolutionary  perspective.  For  example,  the 
increased anxiety-related behavior of mice that 
grew up in a ‘dangerous’ environment provide 
a good example for the shaping of behavioral 
profile by early adversity in a possibly adaptive 
way. Whether these alterations really represent 
adaptations  that  help  the  individual  to  cope 
more efficiently with adversity still remains to be 
investigated. The risk of developing pathologies 
after experiencing early adversity is increased in 
example, the mother can respond with activa-
tion of the HPA axis and a consequent release 
of glucocorticoids. Exposure to high levels of 
glucocorticoids can permanently affect offspring 
glucocorticoid receptor expression (Welberg and 
Seckl, 2001; Bale, 2005), e.g., in the amygdala, 
which in turn is associated with an anxiogenic 
behavioral  profile  in  rodents  (Welberg  et  al., 
2000).
While maternal hormones appear to medi-
ate  influences  of  environmental  adversity  on 
offspring behavioral profile during pregnancy, 
during lactation the presence and behavior of 
social companions, in particular the mother, are 
of major importance. Indeed, the variation in 
the frequency and intensity of maternal care is 
a major source of inter-individual differences in 
behavioral profile and stress responsiveness in 
adulthood (Meaney, 2001; Kaufman et al., 2004; 
Carola et al., 2008; McCormack et al., 2009). It is 
well known that adverse conditions can directly 
influence  maternal  physiology  and  behavior 
(Christian  and  Davis,  1964;  Chapman  et  al., 
2000), and in particular maternal care (Festa-
Bianchet  et  al.,  2000;  Neumann  et  al.,  2005; 
Heitor and Vicente, 2008). Thus, it is likely that 
the effects of adversity during the early postnatal 
phase on offspring development are mediated by 
the presence and behavior of social companions, 
i.e., parents, siblings, or the whole social group 
(Sachser et al., 2010).
But why are carriers of low functioning 5-HTT 
genes at increased risk to develop pathologies 
under comparably adverse conditions? From our 
point of view there are three major characteristics 
facilitating the pathogenesis of emotional disor-
ders in these individuals:
•	 Firstly,	low	functioning	5-HTT	genes	enhance	
the individual’s sensitivity to environmental 
adversity (Kendler et al., 2005; Mandelli et al., 
2007).  For  example,  in  humans  the  short 
5-HTT gene allele is related to increased stress 
reactivity (Gotlib et al., 2008), greater amyg-
dala neuronal activity in response to fearful 
stimuli (Hariri et al., 2002) and possibly ina-
dequate regulation and integration of amyg-
dala-mediated arousal (Pezawas et al., 2005). 
Similarly,  5-HTT  knockout  mice  display 
exaggerated pituitary and adreno-medullary 
responses to stressors (Li et al., 1999; Murphy 
et al., 2001; Tjurmina et al., 2002).
•	 Secondly,	 low	 functioning	 5-HTT	 gene	
variants  seem  to  be  related  to  an  impaired 
long-term extinction of negative experience. 
For instance, in experiments with Pavlovian 
fear  conditioning  5-HTT  −/−  mice  exhibit Heiming and Sachser  Early adversity and behavioral profile
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